We calculated the longitudinal acoustic phonon limited electron mobility of 14 two dimensional semiconductors with composition of MX 2 , where M (= Mo, W, Sn, Hf, Zr and Pt) is the transition metal, and X is S, Se and Te. We treated the scattering matrix by deformation potential approximation. We found that out of the 14 compounds, MoTe 2 , HfSe 2 and HfTe 2 , are promising regarding to the possible high mobility and finite band gap. The phonon limited mobility can be above 2500 cm 2 V −1 s −1 at room temperature.
I. INTRODUCTION
Two dimensional (2D) crystals are materials with thickness of several atomic layers and extended periodically in the other two dimensions. Examples of them are monolayer or multilayer of graphene, MoS 2 , BN, MoO 3 and so on. These 2D materials have now received a lot of research interests because of its unique physical properties, such as the Dirac cone in electronic band structures in graphene. Applications of these new materials have been demonstrated. High speed radio frequency devices are fabricated which make full use of the ultrahigh electron mobility in graphene. The transition-metal dichalcogenide semiconductor MoS 2 has also attracted great interest because of its distinctive electronic, optical and catalytic properties, as well as its importance for dry lubrication. Logical devices were also fabricated based on MoS 2 2D crystals. Field effect transistors based on 2D materials are promising because it can overcome the shorted-channel effect, which is one of the biggest obstacles of further decrease of the dimensions of semiconductors 1 . Thus 2D semiconductors are attractive for semiconductor technology after silicon.
Regarding to the applications of 2D materials in logical devices of semiconductors, the present materials are not good enough. Graphene has ultrahigh mobility, but it is intrinsically metallic. 
II. CALCULATION DETAILS
The calculations were performed by the full-potential local-orbital code 10 in the version FPLO9.00-33 with the default basis settings. All calculations were done within the scalar relativistic approximation. The local density approximation functional was chosen to be that parameterized by Perdew and Wang. 11 The number of k-points in the whole Brillouin zone was set to 32 × 32 × 5 in order to ensure the convergency of the results. Convergency of the total energy was set to be better than 10 −8 Hartree together with that of the electron density better than 10 −6 in the internal unit of the codes. Supercell with vacuum layer of 30Å was used to model the 2D nature of the compounds within the 3D crystal cell.
Within the deformation potential approximation 12,13 , the electron mobility (Takagi model) is approximated by (1, 0, 0) was simulated. The phonon frequency (ω k ) was obtained, which is related to the sound velocity by ω k = V s q. The elastic constants c 11 in hexagonal crystal is related to the sound velocity by c 11 = ρV 2 s . The electron phonon coupling (E el−ph ) was approximated by the deformation potential. Crosschecking of the calculated parameters was done with pseudo-potential code Quantum Espresso 15 . The electron effective mass is almost isotropic in the compounds with MoS 2 structure, while it is quite anisotropic in the compounds with CdI 2 structure. The difference can be as large as ten folds, but the three compounds with Pt is an exception, where the effective mass is almost isotropic. The difference in the effective mass leads to anisotropic transport properties as studied in bulk materials of HfS 2 . eV.
III. LONG WAVE ACOUSTIC PHONON LIMITED MOBILITY IN MX
The electron phonon coupling constant and the electron effective mass in the denominator play the most important role in determining the electron mobility. The mobility and 
IV. ELECTRONIC STRUCTURES
We have seen that these compounds have two different structures. The MoS 2 structure and CdI 2 structure which are different only by a relative shift of the anion hexagonal. This structural difference leads to different electronic structure. We show only the electronic bands of the compounds with possible high mobility. The bands of MoTe 2 are shown in 
V. DISCUSSIONS
In this work, we have considered only the long wave acoustic phonon scattering. Of course, there are many other scattering mechanisms which limits the mobility. As the Matthiessen rule, i.e.,
+ · · · , where the scattering sources are phonons, impurities, electrons and so on, may hold, the mobility will be limited by any one of these mechanisms. There are uncertainties to precisely determine the contributions from each of these mechanism, both experimentally and theoretically, so that we cannot predict the mobilities precisely. However, by computing selected one of them, the upper bound of the mobility can be set. We thus can say, it is hopefully that we can find compounds with possible high mobility among the selected ones with larger upper bounds. More sophisticated calculations are needed to aim more precisely. However, these calculations are time consuming for search within the large amount of candidates.
According to our estimation, the mobility of WSe 2 may be larger than MoS 2 . Mobilities of WSe 2 and MoS 2 are extracted from the transfer character curves of field-effect transistors 16 .
It is shown that the electron mobility in WSe 2 is about 110 cm 2 V −1 s −1 , while that of MoS 2 is about 25 cm 2 V −1 s −1 . These experimental results can be an example of our prediction.
VI. CONCLUSION
In this work, the electron mobility of 14 MX 2 type two dimensional semiconductors were calculated where only elastic scattering from long wave acoustic phonon was taken into account by the deformation potential approximation. We found that the mobility of the semiconductors with CdI 2 structures are generally larger than that of MoS 2 structure. However, the electronic bands are anisotropic with the CdI 2 , which means that their electronic transport properties are dependent on directions. 
